Nepeta suavis is used in traditional medicine for treatment of abdominal spasm (colic). The tricyclic clerodane type diterpene, nepetolide, isolated for the first time from Nepeta suavis, was evaluated for Ca ++ antagonist and antispasmodic activities. When studied in isolated rabbit jejunum, nepetolide caused concentration-dependent (0.03-100 µM) relaxation of spontaneous and high K + (80 mM)-induced contractions, like that caused by verapamil, indicating that nepetolide exhibits spasmolytic activity, possibly mediated through Ca ++ channel blocking action, which provides scientific explanation for the medicinal application of Nepeta suavis as an antispasmodic agent.
The genus Nepeta (Lamiaceae) comprises approximately 250 species, which grow wild in Central and Southern Europe, North Africa and Southern Asia. Many of these species are used in folk medicine for the anti-septic and astringent properties, as tonic for children's cutaneous eruptions, and for snakes and scorpion bites; orally, they are consumed for their anti-asthmatic, anti-tussive, antispasmodic, diuretic and febrifuge activity [1a] . The anti-bacterial, fungicidal and anti-viral activities have been attributed to nepetalactones, iridoids contained in several Nepeta species [1b] . Phytochemical investigation of the title plant led to the isolation of one new diterpene, nepetolide ( Figure 1 ) [1c] . An objective of the present study was to evaluate the spasmolytic potential of nepetolide, which caused concentration-dependent relaxation of spontaneous and high K + (80 mM)-induced contractions, thus exhibiting spasmolytic and Ca ++ channel blocking activities. The results ( Figure 2A ) showed that in isolated rabbit jejunum preparations, nepetolide relaxed the spontaneous contractions with an EC 50 value of 10.8 µM (n=4), thus showing an antispasmodic effect. Similarly, verapamil, used as positive control drug, inhibited spontaneous contractions with EC 50 values of 0.40 µM (n=4) as also shown in Figure 2A . Nepetolide caused concentration-dependent relaxation of K + (80 mM)-induced contractions with EC 50 value of 3.0 µM (n=4) as shown in Figure 2B . Verapamil inhibited K + (80 mM)-induced contractions with EC 50 values of 0.12 µM (n=4) as also shown in Figure 2B .
The contraction of smooth muscle preparations, including rabbit jejunum, is dependent upon an increase in the cytoplasmic free [Ca ++ ], which activates the contractile elements [2a] . The increase in intracellular Ca ++ is due to either influx via voltage dependent Ltype Ca ++ channels (VDCs) or to release from intracellular stores in the sarcoplasmic reticulum. Periodic depolarization regulates the spontaneous movements of intestine and at the height of depolarization the action potential appears as a rapid influx of Ca ++ via VDCs [2b]. The inhibitory effect of the plant compound, nepetolide on spontaneous movements of jejunum may be due to interference either with the Ca ++ release or with the Ca ++ influx through VDCs. In our earlier studies, we have observed that the spasmolytic effect of the natural compounds is usually mediated through Ca ++ channel blockade [2c]. To determine whether the spasmolytic effect of nepetolide is also mediated via the same mechanism, it was tested against high K + contractions, which were relaxed by nepetolide, similar to that caused by verapamil, a standard Ca antagonist [3a] . At high concentration (> 30 mM), K + is known to cause smooth muscle contractions through opening of VDCs, thus allowing influx of extracellular Ca ++ causing a NPC Natural Product Communications 2016 Vol. 11 No. 5 591 -592 592 Natural Product Communications Vol. 11 (5) 2016 Khan et al. . Thus the spasmolytic effect of nepetolide may be explained by the Ca ++ channel blockage mechanism. In conclusion, nepetolide isolated from Nepeta suavis exhibits spasmolytic and Ca ++ channel blocking activities, which possibly account for the folkloric reputation of Nepeta suavis, as useful for antispasmodic therapy. 
Extraction and isolation of compound:
The whole plant Nepeta suavis was dried and ground to a coarse powder. The extraction of powdered plant (4.0 Kg) was carried out according to our previous report [1c] . The chloroform fraction was subjected to column chromatography with the solvent system (n-hexane-ethyl acetate). This fraction afforded one compound (nepetolide) after eluting with n-hexane-ethyl acetate (3:7). The compound was isolated in powder form having molecular weight m/z= 332.1975 and a molecular formula of C 20 H 28 O 4 .
Chemicals and animals:
Acetylcholine (ACh) and verapamil were obtained from Sigma Chemicals Co. (St. Louis, MO, USA). The solvents, n-butanol, ethyl acetate, hexane, chloroform and methanol were from Merck (Darmstadt, Germany). Chemicals used for making physiological salt solutions were potassium chloride (Sigma Chemicals Co, St. Louis, MO, USA), calcium chloride, glucose, magnesium chloride, sodium bicarbonate, sodium dihydrogen phosphate (Merck, Darmstadt, Germany) and sodium chloride (BDH Laboratory supplies, Poole, England). All chemicals used were of the analytical grade. Rabbits (1.2-1.5 kg) of either sex or local breed were used in this study, housed at the Animal House of the Aga Khan University, maintained at 23-25C and given a standard diet and tap water. Rabbits had free access to water, but food was withdrawn 24 hrs prior to experiment. They were killed by a blow on the back of the head. Experiments performed complied with the rulings of the Institute of Laboratory Animal Resources, Commission on Life Sciences, National Research Council [4a].
Spasmolytic activity:
The antispasmodic effect of the test compound was studied by using isolated rabbit jejunum as described previously [4b] . Respective segments of 2-cm length were suspended in a 10 ml of Tyrode's solution and bubbled with carbogen gas at 37 C. The composition of the Tyrode's solution in mM was KCl 2.68, NaCl 136.9, MgCl 2 1.05, NaHCO 3 11.90, NaH 2 PO 4 0.42, CaCl 2 1.8, and glucose 5.55. A resting tension of 1 g was applied to each of the tissues and was kept constant throughout the experiment. Intestinal responses were recorded isotonically using a Bioscience transducer and Oscillograph. Each tissue was allowed to equilibrate for at least 30 min before the addition of any drug and then stabilized with a sub-maximal concentration of acetylcholine (0.3 µM) and the bath fluid was subsequently replaced with normal Tyrode solution before starting the experiment. Under these experimental conditions, rabbit jejunum exhibits spontaneous rhythmic contractions, allowing testing of the relaxant (spasmolytic) activity directly without the use of any agonist.
Calcium channel blocking activity:
To assess whether the antispasmodic effect of the test compound is mediated through Ca ++ antagonism, high K + (80 mM) was used to depolarize the preparations as described by Farre et al. [4c] . Addition of high K + to the tissue bath produced a sustained contraction. Relaxation of intestinal preparations by the compound, pre-contracted with K + , was expressed as percent of the control response mediated by K + .
Statistical analysis:
The data expressed are mean ± standard error of mean (SEM) and analyzed by using GraphPad program (GraphPAD, San Diego, CA, USA). 
